A simple, convenient method is described for the detection in human urine of three major classes of drugs of abuse: amphetamines, barbiturates, and alkaloids. The drugs are adsorbed from urine by a column of non-ionic resin (Amberlite XAD.2), eluted with methanol, and chromatographed on a thinlayer silica gel plate. The drugs are made visible and identified by a series of procedures involving exposure to ultraviolet radiation, heat treatment, sequential spraying with group-specific reagents, and measurement of Rf values. Detection limits for 5-mi urine specimens are: 0.4 g per ml for amphetamines and barbiturates, and 0.8 g per ml for alkaloids. The test requires 6 h to perform. One technologist can process 50specimens per day. 
A simple, convenient method is described for the detection in human urine of three major classes of drugs of abuse: amphetamines, barbiturates, and alkaloids. The drugs are adsorbed from urine by a column of non-ionic resin (Amberlite XAD.2), eluted with methanol, and chromatographed on a thinlayer silica gel plate. The drugs are made visible and identified by a series of procedures involving exposure to ultraviolet radiation, heat treatment, sequential spraying with group-specific reagents, and measurement of Rf values. Detection limits for 5-mi urine specimens are: 0.4 g per ml for amphetamines and barbiturates, and 0.8 g per ml for alkaloids. The test requires 6 h to perform. One technologist can process 50specimens per day.
Additional Keyphrases non-ionic resin chromatography
. 
thin-layer chroma

R1 values, mc
The common drugs of abuse may be classified as follows:
I. Narcotics and Analgesics-heroin, morphine, codeine, meperidine, propoxyphene, methadone.
II. Sympathomimetics-amphetarnine, methamphetamine.
III. Hypnotics and Sedatives-barbiturates, glutethimide, phenothiazines. IV. Hallucinogens-lysergic acid diethylamide (LsD), cannabis (marihuana), mescaline.
The method presented in this paper is concerned with the detection in urine of the first three classes.
Several methods of urine analysis have been published in which thin-layer chromatography (TLc) on silica gel plates is used to separate and identify the various drug classes (1-4). For TLC, the drugs must be separated from other urinary constituents, concentrated in a few microliters of organic solvent, and applied to the silica gel plate.
Most methods rely on organic solvent-buffer systems to extract drugs from urine. Dole introduced thuse of a paper impregnated with cationexchange resin to adsorb drugs from urine, followed by solvent-buffer extraction of the washed resinpaper (3). Although Dole reported adequate sensitivity and detection limits, others have not been able to confirm these claims (2, 5, 6) .
Fujimoto and Wang (7) separated narcotic analgesics from urine on colunms of non-ionic resin, with subsequent TLC on glass-fiber silica gel plates. Since the same resin had been reported to adsorb other polycyclic compounds (8) and their glucuronidate derivatives (9), we thought it could be used for the first three classes of drugs listed above. We developed a method that meets the criteria for screening: specificity, rapidity, sensitivity, simplicity, and minimal cost (2, 3). 
Materials and Methods
Apparatus
Routine Drug Screening Procedure
Centrifuge about 5 ml of urine at 500 g for 5 mm to remove suspended matter, which may clog the resin column. Place a small plug of glass wool in the bottom of the glass column. Pour the resin suspension, prepared as directed under Reagents, into the column to a height of 6 cm, and wash it with 20 ml of de-ionized water. Decant the centrifuged urine into the column, and allow the urine to drain into the resin bed. Allow 60 ml of deionized water to pass through the column, and then aspirate as much residual water as possible from the column with a water aspirator applied to the outlet of the chromatographic tube. Add 10 ml of methanol to the column and collect the eluate in a conical glass tube.
Evaporate the methanol in a water bath at 45#{176}C under a stream of nitrogen.
(Compressed air may oxidize amphetamines or other drugs, and is usually contaminated with water and oil from the compressor).
Rinse the walls of the conical tube with about 1 ml of methanol before the eluate is completely evaporated; this prevents formation of an insoluble deposit on the tube wall. Dissolve the dry residue in about 30 tl of methanol (2-3 drops from a dropping bottle). Place a chromatography plate on a clean, level surface with the clear edge to the right (Figure 1 ). This procedure aligns the plate in the direction of gel application and ensures a more uniform migration of the solvent front. The plate must be handled by the upper corners, outside the "working" area. With a soft pencil lightly mark the plate as shown in Figure 1 . With 10-il TLC pipets, streak 10 j.il of reference solutions and each dissolved residue in the application spaces. Use the air blower to speed drying, In these cases, the amount of dissolved residue may result in trailing because of overloading.
Prepare the developing solvent, pour it into the chromatography tank, and cover with the glass plate and lead weights. The solvent should be prepared and placed in the tank immediately before actual use. Do not equilibrate the chamber or attempt to reuse the solvent, which deteriorates in4h.
Clip the plates to glass rods with stainless-steel clips (A. H. Thomas cat. no. 4737-W20) and insert them evenly into the tank, which accommodates four plates. Cover (use lead weights) and allow the solvent to ascend until the solvent front reaches the 16.5-cm line (about 80 mm at 22#{176}C). Remove the plates, allow excess solvent to drain, and place them in the hood to dry for 10 mm.
We Circle the barbiturate spots with pencil immediately, because they fade or bleach quickly.
The plate is again placed in the oven at 75#{176}C for 2 mm, removed, and observed for phenothiazines. The plate is sprayed with iodoplatinate. After 3 to 5 mm, the morphine reference band will appear. The Rf and color of all iodoplatinate-stained bands are noted.
Dragendorif reagent is sprayed and the observations are recorded to confirm alkaloids (see Tables  3-7 for Rf numbers and reactions).
Method Development
Column chromatographic procedure.
To justify the use of a resin column for separation of all three classes of drugs from urine, it was necessary to verify that the drugs could be adsorbed and subsequently released quantitatively. We monitored column effluents by ultraviolet absorbance measurements because it was a readily available technique and because most of the drugs under consideration absorb in this spectral region. The ultraviolet analyzer has dual-beam optical units, which simultaneously monitor the sample and reference columns; absorbance of effluent from the reference column is automatically subtracted from that of the drug column effluent. This corrects for baseline shifts produced by solvent changes (from water to methanol) and for nonspecific uv-absorbing material which is leached from the resin even after preliminary treatment. Figure 2 illustrates an experiment in which 10 ml of an aqueous solution containing 50 sg each of morphine, codeine, amphetamine, phenobarbital, secobarbital, butabarbital, and amobarbital was placed on a column. The absorbance of the aqueous effluent and washings at 280 nm (or 254 nm) was unaltered, indicating that the drugs were completely adsorbed on the resin. The drugs were eluted in a single peak by 15 ml of methanol.
With 200 ,g of each drug (1400 ig total) applied to the column, the results were the same.
Having demonstrated the feasibility of uv monitoring with aqueous drug solutions, urine was then examined in the same way, to establish that the uv absorbance of naturally occurring substances could be differentiated from that of drugs. One hundred micrograms of phenobarbital, 200 jzg of amphetamine, or 100 ig of morphine was added to 10-mI aliquots of normal urine, which were then processed in the same manner as the aqueous drug solutions (Figure 3) . A large uv-absorbing peak emerged with the aqueous wash and the recording gradually returned to baseline. Methanol was then applied, and eluted the drugs and some accompanying urinary pigment in a single peak. Aliquots (10 ml) of five patients' urines, previously analyzed for amphetamine, barbiturate, or morphine by other procedures (10, 11), were put through columns ( Figure  4 ). Again a large uv-absorbing peak emerged when the column was washed with water, leaving the adsorbed drug on the column for methanol elution. Next, experiments were carried out to determine whether the adsorbed drugs could be removed quantitatively from the column. Recovery studies were conducted on normal urine specimens to which drugs had been added, and on patients' urines. The column eluates were evaporated to dryness and dissolved in buffer or organic solvent for measurement of uv absorbance (amphetamine, barbiturate) or paper chromatographic semiquantitation (morphine) (10, 11). ELUTION VOLUME (ml) Fig. 3 . A typical elution pattern for a 10-mi aliquot of normal urineplus an additionof either100,g of pheno. Brinkmann plates, the relative order in which the drugs migrate is unchanged.
The following drugs were added to normal urine to produce concentrations of 2 ig per ml: amphetamine, morphine, codeine, butabarbital, phentobarbital, secobarbital, glutethimide, amobarbital, quinidine, methamphetamine, meperidine, propoxyphene, chlorpromaiine, methadone, and diazepam.
Each urine was processed as described for the reference solutions.
Urines that had been analyzed by other methods for amphetamines, barbiturates, or morphine were also put through the same procedure. Table 2 gives the results obtained with Eastman plates when methanolic standards, normal urines with added drugs, and patient urines were tested. We confirmed Fujimoto and Wang's observation that urinary pigments are eluted with drugs (7). For this reason we chose 5 ml as the volume of urine to be tested, since the pigments from 10 ml caused streaking on the chromatograms. Tables 4-7 show the characteristic observations used to detect and identify the various members of each class of drugs. The morphine band migrates 
